Simplifying MPD: Historical, manual methods to control annular
pressure can be effective

By George H. Medley, Dennis Moore, and Sagar Nauduri, Signa Engineering

Managed Pressure Drilling (MPD) has gained widespread popularity and a great deal of
media coverage in recent years. By applying MPD techniques, it is possible to drill holes that
simultaneously expose formations with pore pressures very close to the frac pressures of
other exposed formations with minimal formation influx or mud losses.

Complex and expensive systems have been designed and implemented to maintain pressure
on the wellbore using hydraulics modeling software, automated chokes and continuous
surface circulating systems, often working in conjunction with one another. These systems
usually require specially trained operators. This aggregation of personnel and equipment
increases both the footprint and housing required, as well as substantially increasing costs.

MPD replaces the pressure exerted by static mud weight with dynamic friction pressure to
maintain control of the well without losing returns. The objective is to maintain wellbore
pressure between the pore pressure of the highest pressured formation and the frac pressure of
the weakest. This is usually done by drilling with a mud weight whose hydrostatic gradient is
less than what is required to balance the highest pore pressure, with the difference made up
using dynamic friction while circulating. That sounds quite simple but has been made
extremely complicated.

The big problem is maintaining constant wellbore pressure while transitioning between
circulating with little or no annular pressure and shut-in with proper annular pressure to
maintain balance. A great deal of time and money has gone into trying to do this with no
change in wellbore pressure throughout the process. Field experience has shown that this is
not necessarily cost effective, demanding an answer to the question:

“Is all this complexity really necessary?” The answer in many cases is “No.”
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Introduction

As wells are drilled deeper, in deeper water, through additional and more severely depleted
intervals, it becomes increasingly advantageous to be able to drill with smaller and smaller
differences between pore and frac pressures that are simultaneously exposed to the wellbore.
To accomplish this, lower kick and frac tolerances are necessary, as are lower margins
between the actual mud weight and the pore pressure equivalent.

This allows extending casing points and, in some cases, makes the difference between being
able to drill the well to the desired depth or not.

The managed pressure concept is quite simple. So long as the combination of the hydrostatic
pressure exerted by the fluid column plus some other pressure is as high as the highest
formation pore pressure exposed in the wellbore, the well will not flow. This other pressure
can be either in the form of a circulating friction component of equivalent circulating density
(ECD) while drilling or circulating, or surface pressure imposed on the annulus while the rig
pumps are shut down to make a connection.

Once an accurate pore pressure is established, it is a simple matter with an accurate
hydraulics model to determine what circulating friction will be and what mud weight should
be used. With this done, the well can be exactly balanced while either circulating or while
shut down.

Dynamic To Static

The first issue that must be addressed is how to go from static balance to dynamic
(circulating) balance without either losing returns or taking a kick. This can be done by
gradually reducing pump speed while simultaneously closing a surface choke to increase
surface annular pressure until the rig pumps are completely stopped and surface pressure on
the annulus is such that the formation “sees” the exact same pressure it saw from ECD while
circulating. Note that the bottomhole pressure is constant at only one point in the annulus.

To keep bottomhole pressure constant during this transition from dynamic to static (or from
static to dynamic), a variety of methods have been employed. Hydraulics models have been
used to calculate a casing pressure schedule to follow while decreasing the pump rate.
Computer-controlled chokes have been developed that can be employed to automate
following the required pressure schedule. Circulating loops have been constructed with
dedicated pumps to maintain continuous surface circulation through a choke in an attempt to
make it easier to precisely control annular surface pressure.

In certain cases a conventional rig pump has been utilized as the dedicated pump, giving the
added benefit of pump redundancy. Equipment has been developed to maintain continuous
circulation through the drillstring during connections, thus eliminating the transition by
eliminating the static situation altogether. With these methods, the well is typically never
completely shut in, as any required surface pressure is imposed through a partially closed
choke. All these techniques require specialized equipment that is complicated, expensive and,
in many cases, unnecessary.



Transition Method

To demonstrate why these complications are unnecessary, examine a simplified case where it
is not used. Instead, a simpler method, and the most basic available outside of conventional
drilling, is used to trap pressure at the surface by closing the choke while simultaneously
reducing circulation rate to zero, similar to that described above, but in such a way that the
choke is completely closed and the well is completely shut in once pump speed is slowed to a
stop.

First, a mud weight is selected that will balance the well at the desired drilling circulating rate
but may be underbalanced when static unless additional pressure is imposed. Several very
accurate hydraulics models are commercially available that can be run both during planning
and in the field to determine ECD and bottomhole circulating pressure (BHCP) for various
pump rates with the mud that is actually in the hole. These models have been confirmed with
PWD data and proven quite reliable.

Using one or more of these models, either a curve or a stepwise annular pressure and pump
rate table is generated for use when shutting the pumps down or bringing them on. Figure 1
shows how the annular pressure should increase as the circulating rate (pump speed)
decreases for a particular situation.

All that is necessary to avoid taking influx from the well is to make sure that the annular
pressure always exceeds the required, calculated pressure. It is immediately apparent that this
can result in BHP exceeding the desired pressure during this transition. The question to ask
is, “By how much?”” and more importantly, “Does it really matter?”

To illustrate, consider a very simple, easily used technique.

A hydraulics model is used to develop a schedule of required surface annular pressure to
maintain balance at several pump speeds, and each point will be reached stepwise. First,
reduce the choke opening until the annular pressure reaches the next required pressure, then
reduce the pump speed to the one matching that annular pressure. Reduce the choke opening
until the annular pressure reaches the next required pressure, reduce the pump speed to the
one matching that annular pressure, and repeat until the annular pressure is at the maximum
calculated value and the pumps are stopped.

Note that the process does not result in equal increments of pressure increase (or decrease) at
the end points. This is due to the way chokes and pumps function, as well as the way pressure
change is exerted when mud gel-strength is broken (or, we could say, the way shear stress is
affected by changes in shear rate.)

The amount by which the ECD exceeds the desired pressure with each increase in annular
pressure is small and short-lived, as are any associated mud losses. If this overbalance is
greater than desired — for example, if it exceeds the frac gradient — the size of the steps will
be reduced until the losses are minimal. The process is reversed to bring the pumps up to
speed. First, bring the pump to the first speed in the schedule. Open the choke until the
annular pressure matches what is required for balance at that pump speed. Take the pump to
the next speed, open the choke until the annular pressure matches what is required for balance
at that pump speed, and repeat until drilling circulation rates are reached.



Again, overbalances are small and short-lived, as are associated mud losses. Even with the
cost of the most expensive mud systems in use today, if this procedure is repeated every time
the pumps are shut down, the cost of the mud lost can be much less than the cost of a
complex computer-controlled choke and surface circulating loop system. At least as

important, the equipment requirements and system complexity are greatly reduced, reducing
the probability of failure.



System Disturbances

Several events may occur that cause failure or confusion when depending on fully automated
computer-controlled systems. Many of these events happen as a matter of course during
drilling operations and should be anticipated during planning:

* Tool joints passing through rotating control device rubber element. As the larger-diameter
tool joint passes through the stripping element, the upward force exerted on the drillstring
increases because the force equals back pressure at the wellhead multiplied by the cross
section area of the element being stripped. As the tool joint “jumps” through the element,
wellhead pressure may be lost in small increments. In more than one case, this has resulted in
automatic choke oscillation as the software tries to make allowance for the pressure change.
This choke oscillation then requires manual control of the choke.

* Auxiliary pump problems often result in failure to maintain constant back pressure. Again,
as the automatically controlled choke valve attempts to compensate for the variation in
pressure, manual control may be required. Pressure surges and vibrations resulting from
inconsistent pump action require pulsation dampeners in the system at the very least.

» Equipment failure in any part of the system can force the operation to revert to manual
control at any time. This occurrence must be planned for and mitigated by training the
operations personnel to handle the situation.

+ Contingency events of an operational or procedural nature may occur without warning that
result in a change of annular pressure or of one or more components of annular pressure.
While some of these can be handled easily with software adjustments, many cannot, resulting
in reversion to manual control.

* Failure to calibrate software-modeled ECD to PWD tool readings or unavailability of PWD
brings into question the advisability of utilizing software-controlled back pressure systems.

* Software failure or computer “lock-up” is a common contingency that must be addressed
through manual application of annular back pressure. This may be as perplexing as “the blue
screen of death” or as simple as power failure to the computer.

These events will be planned for and hopefully mitigated during the HazID/HazOP process,
but avoidance of hazards is always to be preferred over mere mitigation. Because all these
things can occur, on-site personnel must be properly trained in manual control methods even
if automated systems are employed.

Lost Returns

Field experience has shown that the mud loss rate when fracture propagation pressure is
exceeded is consistent. The rate of mud loss is directly related to how much above fracture
extension pressure the circulating pressure is. These loss rates are manageable and repeatable.
Therefore, if the amount and duration of overpressure when the fracture pressure is exceeded
is very small, so are the associated mud losses.

Field experience also reveals that some of this mud lost on connections is often recovered
when the BHP is again reduced below fracture extension pressure. This means is that it is
often less expensive and much less complicated to manually control annular pressure with a
choke to make connections when using MPD than it is to utilize software-controlled chokes
and surface systems. All that is required is proper training for field personnel to correctly
implement MPD with tools and equipment already available on most rigs.



In addition to a rotating head, a second choke manifold is indicated to prevent undue wear
and tear on the rig’s well control equipment, but this choke manifold should be relatively
inexpensive and does not require a large footprint, especially compared with the space
requirements of a surface circulation loop with dedicated pumps.

Trapped Pressure vs Imposed Pressure

To demonstrate the effectiveness of this approach and its relative ease of application, the
following is an example where both complex and simpler methods were applied on the same
well.

The subject well was drilled in South Texas to approximately 16,500 ft. Cypress E&P
employed MPD in two sections of the wellbore: 8 '2-in. intermediate hole and 6 “4-in.
production hole (approximately 11,100 ft TVD to approximately 16,500 ft). Anticipated
pressure window in the intermediate hole was 17ppg to 18ppg equivalent mud weight
(EMW) and was chosen as a candidate for MPD as much to provide personnel training and
calibration of the MPD system as to apply constant bottom hole pressure (CBHP) MPD
techniques.

This wellbore section allowed for practice before the anticipated pressure window in the
bottom section of hole. The production hole pressure had a potentially much narrower gap
(18.5-18.9 ppg). The application of

CBHP MPD to the prospect was complicated by the addition of a rebuilt drilling rig and the
presence of grossly inexperienced rig crews accompanied by an attrition rate that exceeded
two to three crews per week.

At the beginning of the MPD operation, the software-aided equipment package was fully
operational, and approximately eight connections were made with no real problems.
However, an auxiliary pump failure required that the next 37 connections be made using
trapped pressure on the annulus to replace dynamic friction pressure applied by circulation
rate during connections. The auxiliary pump was repaired and became available to assist in
maintaining back pressure below 13,400 ft.

Figure 2 shows the time required to perform each connection vs depth. The connections made
while trapping back pressure with the choke fully closed are in the shaded area between
12,200 ft and 13,400 ft. The graph shows no significant difference in the time required to trap
pressure to make connections and the time required to impose back pressure using a third
pump. Figure 3 shows actual back pressure applied during connections and while drilling
when using both auxiliary pump assistance and when trapping pressure while the auxiliary
pump was incapacitated. Again, the interval where trapped pressure was utilized is shaded in
the figure.

The initial connections with the fully operational system demonstrated some fluctuation in
back pressure, both upon initiation of MPD and when the auxiliary pump was reintroduced
below 13,400 ft.

The data clearly show that the auxiliary pump-imposed pressure eventually can be applied
more smoothly than the more manual attempts. However, even when using trapped pressure,



the variation in BHP at any point below the intermediate casing shoe remained within 0.1 ppg
EMW. As seen in Figure 4, the only time the BHP was not held within a 0.1 ppg EMW range
was on one connection soon after the auxiliary pump was restarted and during an interval
drilled near section TD where additional BHP was useful as a safety factor during
connections.



Conclusions

Not every candidate for MPD can justify the cost of an elaborate, fully automatic annular
pressure control system. Fortunately, a complex system is not always required, and often a
more simple, historical method of controlling the annular pressure manually within a close
tolerance can be employed.

While improvements in fully automated annular pressure control systems are continually
being made, allowance for disruption in the operation must still be made. When disruptions
occur, the same simple, historical methods of manually controlling annular pressure can be
employed effectively to handle such contingency events. It is possible in most cases to
adequately manage downhole pressures within acceptable limits using simple, historical,
manual surface controls in lieu of complex, expensive surface pumping systems and software
controls.

SPE/IADC 113689, “Simplifying MPD: Lessons Learned,” was presented at the 2008
SPE/IADC Managed Pressure Drilling and Underbalanced Operations Conference &
Exhibition, Abu Dhabi, 28-29 January
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